Abstract We present an improved process technology based on e-beam lithography and lift-off technique, for fabrication of different nano-hole arrays in optically thick gold/palladium (Au/Pd=60/40) layers on transparent substrates. Every hole serves as a reaction chamber for bio-molecular analysis (e.g. antibody/antigen recognition), as part of a novel atto-liter titer plate device. The optical characterization of the hole-arrays is pursued, both for the transmission of the light and the fluorescence signal through the holes. Array structures with square and hexagonal holes' distribution, with the holediameters between 150nm and 200nm and periodicity of 600nm and 900nm are fabricated in 200nm thick layer of gold/palladium alloy on glass. The spectrum of the transmitted light through the hexagonally distributed nano-holes compared to the one of the square distributed nano-holes shows a 20% of light enhancement.
INTRODUCTION
A novel atto-liter titer plate device for high speed molecular analysis represents our current point of interest. The basis of the device is a nano-hole array in a thin metal film deposited on a glass substrate, where each hole serves as a reaction chamber. The phenomenon that stands for the biodetection is represented by a recently discovered optical effect that appears when light passes through periodically distributed sub-wavelength apertures in optically thick metal films, e.g. enhanced transmission and small angular diffraction [1] , [2] . This optical detection can be made in two different ways:
1. Gathered molecules inside the holes change the optical properties of the transmitted light; 2 . Emission of excited fluorochrome-bound molecules inside the holes is visible as transmitted beams.
In [4] , [5] . Furthermore, after different exposure tests, the following settings were determined, using as previous, an acceleration voltage of 100kV and an aperture of 400pm: with a beam step size of 5nm and a dose of 1500[tC/cm for 175nm structures, roundshaped dots with a square and hexagonal distribution were patterned into the e-beam resist. The pattern was transferred to the photo-resist through reactive ion etching pillars into the hard-backed photo-resist, using 02 plasma, with a Leybold-Heraeus Z401S parallel plate type RIE reactor (the HPR-504 thickness was decreased to -670nm, reducing the 1-4244-0376-6/06/$20.00 }2006 IEEE resist etching time and avoiding problems as bending of the pillars, due to the high aspect ratio between their height and the cross-section area).
The etching rate of the resist was -30nm/min at 20sccm 02, 20W, 1.4[tbar, and the process was real-time controlled via an interferometer (Sofie Instruments). After obtaining the pillars, each sample was electron-gun evaporated under vacuum conditions, with 200nm of gold-palladium (Au/Pd = 60/40), using a Leybold-Heraeus L560 evaporator, with an evaporation rate of 2.5Als.
The lift-off procedure was also improved. The samples, orientated upside-down, were first dipped for 60s in the HNO3 100% at a temperature higher with 5°C then previous (i.e. 40°C). Then they were ultrasonically cleaned for 8 minutes in the same chemical and temperature conditions. After rinsing them with DI water, the samples were cleaned with IPA and spin-dried. Inspection and pictures were realized with a Philips XL30SFEG scanning electron microscope (SEM) (see figure 1 a) and figure 2 a) ). The arrays are intended to be integrated into the atto-liter titer plate device as reaction chambers where the optical detection takes place. Therefore, to optically characterize the nano-hole arrays, in the first set of measurements we determined the spatial and spectral intensity of the light through both types of holes' configuration, using Kohler illumination with an upright optical microscope (Leica DM-RXA) and a SpectraCube (Applied Spectral Imaging). b) Furthermore, we calculated the transmission by dividing the obtained spectra, corrected for the background light, with the spectrum of the light source, and plot the results in the figure 3. The measurements were done in the spectral range of 350nm to 900nm, but are most reliable in the range of 450 to 800 nm, where the sensitivity of the system is optimal.
III. RESULTS AND DISCUSSION
In a second set of measurements we determined the influence of the holes' periodicity over the fluorescence through the arrays. We used an Olympus BX-FM upright microscope, an argon ion laser source (Reliant, Laserphysics), with a wavelength of 514nm for illumination, and 1-4244-0376-6/06/$20.00 }2006 IEEE 100x magnifications dry lens with 0.75 numerical aperture. Square holes' distributed arrays were coated with Rhodamine G6 (FLUKA), 0.05mM concentration. We measured the light intensity through the holes (named array = A), uncoated and coated with fluorescent solution, with and without a filter (Chroma Technology Corp. excitation 540 nm, emission 560nm) for Rhodamine (emission 555nm) and also through the bare glass in the same conditions (named marker = M); furthermore we divided the results to the unit area. Every time, 50 images were taken in the same spot; those images were averaged and compensated for the used neutral density filter (ND) and exposure time. Afterwards they were corrected for the background light. The results are displayed in table 1. Table 2 presents the ratios (e.g. RAY) between fluorescent signal and transmitted signal; without filter (AYN) the intensity of the direct transmission and the emission of Rhodamine (or auto-fluorescence) was measured, with filter (AYY) only the Rhodamine emission was measured. The ratios without Rhodamine (RMN and RAN) were not zero as expected for the absence of autofluorescence; but they were small enough compared to the ratios with Rhodamine (RMY and RAY). To know the enhancement of the transmission through the arrays compared to the signal through bare glass, the ratios RAY and RMY were compared after compensating for the autofluorescence, which was given by (RAY-RAN)/(RMY-RMN) and had a value above 1. This means that indeed, the use of arrays gave us a higher signal compared to the bare glass.
Tablel. Measurements' results
A=Array N=not coated N=no filter Light intensity M=Marker Y=coated Y=filter (arb. units) In figure 3 , the spectrum of the hexagonal holes' distribution in comparison with the spectrum of the square holes' distribution, shows a 20% increase in the transmitted light. This comparison was made in order to check the hypothesis that a higher number of coupling holes gives enhanced light transmission, which is consistent with [6] . As it can be seen from the holes' distribution, a hole in a hexagonal surrounding has six coupling holes in its proximity, while a hole in a square surrounding has only four.
Furthermore, in the second measurement set we used Rhodamine coated nano-hole arrays. From the ratios calculated in table 1, we observed that the intensity of the fluorescent light through these periodical sub-wavelength apertures is enhanced with more then a factor of 9 compared to the fluorescence through the bare glass.
The results support the use of arrays in our novel attoliter titre plate device for high speed molecular analysis.. 
